Open innovation is a powerful framework encompassing the generation, capture, and employment of intellectual property at the firm level. We identify three fundamental challenges for firms in applying the concept of open innovation: finding creative ways to exploit internal innovation, incorporating external innovation into internal development, and motivating outsiders to supply an ongoing stream of external innovations. This latter challenge involves a paradox, why would firms spend money on R&D efforts if the results of these efforts are available to rival firms?
INTRODUCTION
What challenges does an open innovation approach present to managers? Interestingly, models of open innovation offer the promise that firms can achieve a greater return on their innovative activities and their intellectual property (IP) by loosening their control over both (Chesbrough, 2003a) . Open innovation models stress the importance of using a broad range of knowledge sources for a firm's innovation and invention activities, including customers, rivals, academics, and firms in unrelated industries while simultaneously using creative methods to exploit a firm's IP.
The open innovation paradigm is often contrasted to the traditional vertical integration or "proprietary" model where internal R&D activities lead to products that are developed and distributed by the firm (Chandler, 1990) . The way to manage this proprietary model was summed up by Harvard president James Bryant Conant as "picking a man of genius, giving him money, and leaving him alone" (Conant, 2002) . Of course, getting the ideas from the "man of genius" was only half the challenge, the other half was to exploit those innovations. This exploitation is where the proprietary model frequently broke down. For while some IP that couldn't be internally commercialized was licensed to others, all too frequently it "sat on a shelf" waiting either for internal development, its research proponents to leave the firm to develop it on their own, or even more dangerously, for it to "spillover" to other firms (Smith and Alexander, 1988; Chesbrough & Rosenbloom, 2002) .
We define open innovation as systematically encouraging and exploring a wide range of internal and external sources for innovation opportunities, consciously integrating that exploration with firm capabilities and resources, and broadly exploiting those opportunities through multiple channels (Cohen and Levinthal, 1990) . Therefore, the open innovation paradigm goes beyond just utilizing external sources of innovation such as customers, rivals, and universities (e.g. von Hippel, 1988) and is as much a change in the use, management, and employment of IP as it is in the technical and research driven generation of IP.
As with other information goods, IP plays a crucial role in the software industry. 
THE CHALLENGES OF THE OPEN INNOVATION PARADIGM
In contrast to earlier models and "fully integrated innovators" like AT&T (now Lucent) Bell Labs and IBM which conduct basic research through commercial products, open innovation celebrates success stories like Cisco, Intel and Microsoft, which succeed by leveraging the basic research of others (Chesbrough, 2003a) . Under this paradigm, internal innovation is supplemented by systematic scanning for external knowledge, (facilitated by firm investments in absorptive capacity) with firms maximizing the returns that accrue from both sources (Table 1) .
Such strategies require firms to realign innovation strategies to extend beyond the boundaries of the firm, while creating mechanisms for appropriating value from the combined innovation.
Based on our definition of open innovation, in practice the integration of internal and external innovation entails three challenge (Figure 1 ):
• maximization. Firms need a wide range of approaches to maximize the returns to internal innovation -not just feeding the company's product pipeline, but also outbound licensing of IP, patent pooling and even giving away technology to stimulate demand for other products.
• incorporation. The existence of external knowledge provides no benefits to the firm if the firm cannot identify the relevant knowledge and incorporate it into its innovation activities. This requires scanning, absorptive capacity, and also the political willingness to incorporate external innovation.
• motivation. Prior open innovation research assumes that external sources of innovation will arise. To date this has clearly been true. However, external sources of innovation are supplied by some person or entity. How can firms work to insure that this stream of external innovation is replenished? Why would firms contribute IP that was going to be made available to their rivals? This last issue is the basis for our "paradox" of firm investments in open source software.
<insert Table 1 
Maximizing Returns to Internal Innovation
A central concern to open innovation is how to best use the internal R&D capabilities of the firm to maximum advantage. Those capabilities can be used for
• generating innovations to be internally commercialized (the proprietary model);
• building absorptive capacity and using that capacity to identify external innovations;
• generating innovations that generate returns through external commercialization (e.g. licensing patent portfolios); and
• generating IP that does not produce direct economic benefit, but indirectly generates a return through spillovers or sale of related goods and products.
Successful firms may combine a variety of these approaches. For example, to identify promising technologies Intel establishes research labs near elite university research groups, with open flows of information in both directions. If an innovation proves promising, to internalize the innovation Intel recruits the top academic researchers to help commercialize it and facilitate its production (Tennenhouse, 2003) . A cooperative example of multiple approaches is the GSM patent pool assembled by European telephone makers in the early 1990s. While the patents were often the result of basic research, contribution of a patent to the pool allowed firms to have favorable access to all of the IPR of the GSM standard, creating a cost advantage for European pool participants over potential Asian rivals (Bekkers et al, 2002) .
Incorporating External Innovations
To benefit from external innovations, organizations need to identify such innovations, maintain the absorptive capacity to understand them, and be able to combine such spillovers with firm-specific internal innovation to produce a product tailored to the firm's specific needs.
Even if external innovations are identified, that does not mean they will be incorporated into the firm's product strategies. A firm that was once highly successful at the integrated innovation model will tend to believe its innovations superior to any competing ideas from outsiders. For example, flush from its successful user interface innovations of the 1980s, engineers at Apple
Computer rejected external ideas in areas such as handheld computers, adopting the phrase "not invented here" to describe such rejection (Kaplan 1996: 156) .
Motivating Spillovers
With external innovation, there is often an unstated assumption that the sources of external innovations will continue to produce them. But what happens if everyone tries to be a "free rider" by only absorbing external innovations? Will historic "innovation benefactors" -such as government and nonprofit research sponsors -continue to offer a plentiful supply (Chesbrough, 2003b) ? If commercial firms do not realize a return on their innovative activities, they will tend to under-invest in innovative activities that are either highly risky (e.g. basic research) or that are easily imitated by free-riding competitors. Therefore, we consider the incentives for generating the knowledge spillovers at two levels: the individual and the organizational.
Motivating individuals to generate and contribute their IP in the absence of financial returns is a management challenge for open innovation. One motivation model is expectancy theory, which posits that individuals are motivated by a combination of valence (the intrinsic or extrinsic attractiveness of a reward) and instrumentality (the path to that reward) (Lawler, 1971) . The proprietary innovation model solved this challenge though extrinsic compensation coupled with adherence to traditional scientific norms. The external model relies upon intrinsic factors or others, e.g. universities, to partially or wholly provide the motivation for creating IP.
The incentives for organizations to contribute spillovers fall into two categories. In the one case, the innovation benefits the innovator and nothing is reduced by sharing that benefit.
Customers often share their innovations with their vendors if it means improved products in the future (von Hippel, 1988) . And of course suppliers invest in innovations to sell more products, as when Intel increases the performance of microprocessors that it sells to Dell.
Spillovers to a direct competitor are more problematic, but still are economically rational under conditions of "co-opetition". Firms in the same industry complement each other in creating markets but compete in dividing up markets (Brandenburger & Nalebuff, 1996: 34) . So if a firm stands to benefit from an innovation that grows the market, it will accept spillovers if the return from its share of market growth is attractive enough.
RESEARCH DESIGN
These three management challenges led to three related research questions:
• How do firms embrace open innovation approaches as part of their R&D efforts?
• Why would firms commit their intellectual property and ongoing human resources to an effort that they know will benefit others, including competitors?
• Why do individuals contribute their IP to a project that benefits firms without receiving financial remuneration?
Because we are investigating relatively novel phenomena we focus on rich qualitative data to aid our theory building (Glaser and Strauss, 1967; Eisenhardt, 1989) . Our research efforts included both primary and secondary sources. 
Prior Research on Open Source Software
"Open source" software includes source code that can be modified and redistributed to others, while acknowledging the original author's contribution (Perens 1999; Raymond 2004) .
The term encompasses a range of collaborative practices dating back to the 1970s, including university-based research on BSD Unix during the 1970s and the "free software" movement launched by Richard Stallman in 1984 (McKusick, 1999 Stallman, 1999) . Because "open source" refers to a specific set of software licenses approved by the non-profit Open Source Initiative, the term explicitly defines a particular subset of IP policies. However, it also often refers to a development methodology where geographically dispersed programmers collaborate to jointly produce software using virtual collaboration tools (West & O'Mahony, 2005) . While the first programmers were hobbyists, they have been joined today by a number of professionals paid by employers that either intend to use the software internally, or to sell related products and services. Virtual development has been facilitated by widespread dissemination of tools and the availability of the Internet, which have also enabled other forms of open innovation. One example is "gated source," in which open source processes are used within a firm's invitation-only group of software developers (Shah, 2003) ; another is PC game modifications (Scacchi, 2004) .
What motivates individuals to contribute to open source projects? Consistent with expectancy theory, empirical research (Hars and Ou, 2002; Hertel et al, 2003; Lakhani & von Hippel, 2003; Lerner and Tirole, 2002) found three classes of motivations:
• direct utility, either to the individual or to one's employer;
• intrinsic benefit from the work, such as learning a skill or personal fulfillment;
• signaling one's capabilities to gain respect from one's peers or interest from prospective employers.
Meanwhile, firms have used hybrid strategies that combine the benefits of open source software with some of the control of proprietary approaches (West, 2003) .
Thus, open source as an open innovation strategy has two key components: shared rights to use the technology, and collaborative development of that technology using donated labor. From an analysis of major projects (Table 2) , we identify four approaches for open innovation in open source software -two driven by the structural relationship of contributor-participants, and two driven by the value proposition of a complex product.
<insert Table 2 
Pooled R&D or Product Development: Linux, Mozilla
A noted instance of open innovation is that of pooled R&D or product development (Chesbrough, 2003a) . While cooperative research often occurs to save costs, prior research also suggests that firms cooperate in cases where they cannot appropriate spillovers from their research (Ouchi and Bolton, 1988) , in industries with strong vertical relationships (Sakakibara, 2001 ) and in areas that are highly risky or for industries most dependent on advanced science (Miotti and Sachwald, 2003 Internet-connected workstations, so each assigned software engineers to work with the Mozilla project, both to help keep the project moving forward and to assure that new releases were compatible with their respective systems (Dotzler, 2004) . Today, this descendant of Netscape Navigator is available for a wide range of Unix systems, among others.
A more complex and structured example is Linux-related development at the Open Source Development Labs (OSDL). While Linux began in 1991, the OSDL was founded in 2000, attracting a wide range of Linux-related providers of hardware, software and services. In its first five years, the consortium worked on three projects: data center Linux, carrier grade Linux and desktop Linux.
How do these projects address the three open innovation challenges? For individuals and firms participating in Mozilla, the quid pro quo is straightforward: systems vendors maximize the returns of their innovation by concentrating on their own needs (e.g., platform-specific customization), and then distribute the shared browser technology with their integrated systems.
For the OSDL, firms contribute specialized knowledge to build a common platform. OSDL resembles other self -supporting industrial research consortia, where firms pool interests towards a common goal, cooperating in supporting that goal and competing in selling their respective products. It is similar to other I.T. consortia in the wide range of motivations represented by the members (Table 3 ).
<insert Table 3 about here> However, both Mozilla and OSDL differ from typical consortia in two ways:
• Spillovers are not controllable. Many consortia attract members by limiting direct access to the consortium's research output to member-participants, reducing indirect spillovers. Open source licenses typically make it impossible to limit even direct access, allowing non-members to accrue many of the same benefits as members.
• Contributions from non-participants. Technical contributions to these projects extend beyond the sponsoring companies to include user organizations, academics, individual hobbyists and other interested parties. Unless the corporate contributions eventually dwarf the individual ones, the projects must continue to motivate such contributions to survive.
These two differences highlight how an open source innovation model is inherently more
"open" than a typical R&D consortium, both in terms of exploiting information from outside the consortium, and sharing that information back out to non-member organizations and individuals.
Spinouts: Jikes, Eclipse, Beehive
Open innovation can release the potential of IP within the firm that is not creating value. In some cases, the IP is no longer strategic, as when AOL Time Warner spun off Mozilla into a stand-alone open source project (Hansen, 2003) . But in addition to spin-off and abandonment, firms may also release more value from their technologies by situating them outside the firm, while at the same time maintaining an ongoing corporate involvement. Here we use "spinout" to refer to all cases where firms transform internal development projects to externally visible open source projects.
If a firm is essentially giving away its IP, how can such spinouts create value? One way is that the donated IP generates demand for other products and services that the donor continues to sell (see also 4.3.1 Selling Complements). Two examples of this come from IBM and its efforts to promote the Java programming language developed by Sun Microsystems to compete with Microsoft. In a Java-centric world, IBM would still generate revenue from sales of hardware and supporting services.
In response to IBM's growing interest in Java, in early 1996 two IBM researchers began work on an experimental Java compiler, which they named "Jikes". They quickly developed a prototype that was more efficient than Sun's industry standard compiler. After customer requests for a better Java compiler, in December 1998 IBM released Jikes in open source form to allow external programmers to extend and improve it. IBM continues to host the project website, but since 2000 development has been led by non-IBM engineers (Gonsalves & Coffee, 1998; Shields, 2004) .
A second IBM spinout came with Java development tools. IBM created such tools for its
WebSphere application server product, and then released much of this technology in open source form when it founded the Eclipse project in 2001. Other software companies involved in web application development as well as rival hardware makers joined Eclipse. In 2004, the project became an independent non-profit corporation, although IBM engineers retained technical leadership of key projects. As an IBM executive later explained, "It is not that we are looking to make more money off the platform. It is just that we are looking to accelerate the adoption of Java and the building up of it for all of us" (Southwick, 2004) . organizations that sponsor open source projects, the benefits included:
• helping establish their technology as de facto standards, which reduces the likelihood of having to re-implement other products to conform to competing standards;
• attracting improvements and complements that make the technology more attractive;
• together, the innovation and complements enable the sale of related products (e.g.,
WebSphere and WebLogic); and
• generating mindshare and goodwill with the same audience that includes the potential customers for these related products.
These motivations for open source spinouts are contrary to those of the oft-cited example of Xerox PARC, which spun out technologies that no longer aligned with Xerox's strategy (Chesbrough and Rosenbloom, 2002) . Here firms relinquished control of key technologiesprecisely because they were strategically aligned, and giving up control was an effective strategy to win adoption.
Product-Centric Approaches
Many innovations require a combination of goods and service to provide a "whole product solution" to buyers (Moore 1991) . In computers and electronics, they often fall into what Katz & Shapiro (1985) term the "hardware-software paradigm." As Teece (1986) notes, the base innovation ("hardware") requires an investment into producing complementary goods ("software") specialized for that innovation, in order to make the entire system useful.
In some cases, a system architecture will consist of various components -with mature components highly commoditized, while other pieces are more rapidly changing or otherwise difficult to imitate and thus offer opportunities for capturing economic value (West, 2003) . In other cases, the complementary products are more valuable than the core innovation -as when videogame console producers deliberately lose money on the hardware so that they can make money from software royalties (Gallagher & Park, 2002) . 
Selling Complements: Apache, KDE, Darwin
In Teece's (1986) conception, essential complements to a product include not only other products, but services to buyers and (often invisible) activities within the producer's value chain.
Linux distributors (such as Red Hat) that take freely available software and providing installation, training and support services would be selling complements to a free core product, as would the many other firms that sell services for "free" software. Two open source examples of selling complements are IBM's WebSphere and Apple's Safari browser.
Customers access IBM's WebSphere e-commerce software using standard web browsers, so IBM originally developed a proprietary httpd (web page) server. IBM later abandoned its server for the Apache httpd server, rather than waste resources trying to catch up to the better quality and larger market share enjoyed by Apache (West, 2003 (West, 2003; Hawkins, 2004) .
2 For both Safari and OS X, Apple used open source and contributed back its changes, but the company did not release the remainder of the proprietary code for its browser and OS, respectively (Brockmeier, 2003) .
In the case of the Apache, Konqueror and Darwin open source projects, the firms adopting open source components had four common characteristics:
• there was pre-existing open source code being developed without the intervention of the focal firms;
• the "buy vs. build" decision to use external innovation was made easier because the code was "free" 3 ;
• the firms were willing to contribute back to the existing projects on an ongoing basis, to assure that the technology continued to meet their respective needs, to maintain absorptive capacity, and to avoid discouraging external innovators; 2 After creating the Darwin open source project, Apple found the administrative overhead of allowing direct contributions and bug reporting was too great. However, the company monitors changes in the external OpenDarwin.org project, as well as in independent BSD projects such as FreeBSD (Prabhakar, 2005) .
• the firms could continue to yield returns for internal innovation by combining the internal and external technologies to make a product offering that was 
Donated Complements: Avalanche, PC Game "Mods"
In other cases, firms make their money off of the core innovation but seek donated labor for valuable complements. This is nothing new, as such sharing dates to at least the 1950s, when IBM encouraged the establishment of users' groups, with the hope that pooling software development would alleviate both a programmer shortage and high custom software costs. The SHARE user group was established in 1955, and one year later it estimated it saved its 60 members $1.5 million in in-house programming costs from one program alone 4 The third dual-license example cited by Välimäki (2003) (Lien and Black, 2004; Gomes, 2004) .
However, open source complements appear less common than open source core innovations.
In interviews, vendors talk about the "customer facing" portion of a system providing the best opportunity for visible differentiation, so such innovation is more likely to be proprietary.
Today, the PC game industry has a proven model, in which the game developer provides the core technology and some "customer facing" complements, while encouraging users to develop their own complements, known as game modifications (aka "mods"). To allow users to update and modify their games, publishers release editing tools for their games to encourage user mods; the users then freely distribute the mods on the Internet. Frequently, this is followed up with the release of the core game itself under and open source license, as with Id Software's Quake.
A few of the mods are developed as open source, but most are not. While mods do not directly generate publisher revenues, the novelty of the mods extends the relatively short demand period for most computer games. Meanwhile, the mods keep the name of the game in front of consumers for additional months, while publishers prepare follow-on products, keeping the product current without tying up internal innovation resources. Perhaps the most successful example comes from Sierra, which released the Half-Life multi-player game as an "engine," and Opposing Force as an alternate scenario using that engine. It attracted several donated "mods,"
including Day of Defeat (which it later purchased), and "Counter-Strike," which sold an estimated $40 million worth of games (Keighley, 2002) . As with open source, a key issue for mods is motivating contributors. The motivations
parallel those for open source: direct utility, intrinsic reward or external signaling. Individuals (or virtual teams) contribute mods because of their creative nature, love of either the computer game they modified or the milieu they recreated via their mod (Todd, 2004) . Students are also frequent contributors, increasing their enjoyment of a favorite game (direct utility) as well as signaling their value to potential employers.
While not pure open source software, the computer game makers have adopted some specific practices to motivate IP contributions:
• Minimizing technical obstacles. Contributors develop mods because they can build upon the publisher's proprietary innovation to make a compelling game experience.
As with other software development platforms, third party developers are attracted by platform capabilities and the prompt availability of development tools.
• Creating an infrastructure that encourages participation and collaboration. For open source, this is a project website and e-mail lists, but for mods this is a site to highlights the mods. Modern technologies make the cost of such infrastructure quite low and accessible to global contributors around the world.
• Recognition for contributors, including added visibility for the most popular creators.
However, mods also address a problem very different from those of business-oriented open source projects. As with other entertainment products, novelty-seeking consumers eventually grow bored with a PC game so by combining the core game engine with new externally generated game scenarios, the external innovation extends the life of the core (internally developed) innovation.
DISCUSSION
Open source software highlights many ways firms can enhance their competitive advantage by using the ideas of open innovation. However, the case of open source seems particularly paradoxical, in that a key part of the customer offering is inherently "free." Here we have shown how firms are able to create value (and revenue) from their IP over and above that which was given away "free."
Open Innovation in I.T. Industries
Firms have long faced concerns on how to obtain returns to innovation, particularly when they lack the resources to fully exploit or appropriate the returns (Teece, 1986) 
Implications for Other Industries
The four patterns of combining internal and external innovation in open source could be applied to more general forms of open innovation:
• • Spinouts. Since spinouts are valuable for technologies locked in the laboratory, they are most relevant to the largest firms, which both have the largest innovation budgets and also the largest bureaucracies to defeat commercialization. While Xerox PARC has exemplified such obstacles, in some cases Xerox spun out the technology and participated financially in its commercialization (Chesbrough and Rosenbloom, 2002 ).
• Selling complements. For industry segments where firms previously succeeded through innovation-based product differentiation, firms face a choice of accepting commoditization or (consistent with Henderson and Clark, 1990 ) developing architectural innovation capabilities to develop differentiated products using commodity components.
• (Cargill & Bolin, 2004) .
Further Research
This There is a huge gap between free-riding on basic research (e.g. Chesbrough, 2003b) by the Bayh-Dole Act (Colyvas et al, 2002) . This might restrict the flow of external innovations;
conversely, it could increase the incentive for an ongoing supply of them, albeit at a higher cost for open innovators. Simultaneously, increasing conflict over patents may be an issue for firms as patent litigation severely affects those without defensive patents (e.g. Jaffe & Lerner, 2004 
